Because foot-and-mouth disease (FMD) has the potential to spread extensively, methods used for its 13 diagnosis must be rapid and accurate. Therefore, reverse transcription-PCR (RT-PCR) plays an important 14 diagnostic role. Here we designed the primer set FM8/9 to amplify 644 bases of the conserved 3D region of 15 all seven serotypes of FMD virus (FMDV). We compared the performance of RT-PCR assays using FM8/9 16 with that using the primer set 1F/R targeting the 5'-UTR described in the manual of the World Organization 17
INTRODUCTION 27
Foot-and-mouth disease virus (FMDV) belongs to the family Picornaviridae, genus Aphthovirus. Its 28 genome is composed of an approximately 8.4 kilobase, single-stranded, positive-sense RNA that encodes the 29 proteins L, VP1-4, 2A, 2B, 2C, 3A, 3B, 3C, and 3D. FMDV isolates comprise immunologically distinct 30 serotypes, as follows: O, A, C, Asia 1, and South African Territories (SAT) 1-3. Each serotype can be divided 31 into genetically distinct topotypes and lineages (1). FMD causes the most contagious disease affecting 32 cloven-hoofed animals, and control of FMD depends on early detection of infected animals. Therefore, rapid 33 and accurate methods for diagnosing FMD are essential. 34
FMDV is detected using cell culture techniques, enzyme-linked immunosorbent assays, and nucleic acid 35 analyses such as those described in the manual of the World Organization for Animal Health (OIE) (2). 36
Among the latter methods, reverse transcription PCR (RT-PCR) assays rapidly detect FMDV with high 37 sensitivity (3-5). Though the FMDV genome mutates at a high rate, similar to those of other RNA viruses (6), 38 a highly conserved region should be selected as a target of RT-PCR to detect the seven serotypes. The OIE 39 manual specifies a primer set for agarose gel-based RT-PCR assays (named 1F/R) that targets the 5'-UTR (7). 40
Primer sets for real-time RT-PCR (rRT-PCR) assays that target the 5'-UTR and 3D domain are published (2, 8, 41 9). Although these assays rapidly detect FMDV with high sensitivity, agarose gel-based RT-PCR assays may 42 be susceptible to cross-contamination with PCR amplicons after the reaction. In contrast, rRT-PCR tends to 43 generate nonspecific signals, particularly from low RNA copy-number samples, and the expensive 44 instrumentation requires strict quality control. Therefore, PCR methods should be used along with other 45 unpublished observations). Sera and saliva samples were collected daily as described in our previous report 102 (14) for 11 dpi and 10 dpi, respectively. Viral RNA was extracted from the sample as described above and 103 analyzed using RT-PCR assays with the two primer sets. Animal experiments were authorized by the Animal 104
Care and Use Committee of the National Institute of Animal Health (NIAH) and were performed in a 105 high-containment facility at the NIAH. 106
107

RESULTS AND DISCUSSION 108
Detection limits of RT-PCR using primer set FM8/9 or 1F/R. 109
We compared the detection limits of RT-PCR using the primer set FM8/9 or 1F/R to amplify the genes of 110 14 FMDV strains representing seven serotypes. RNAs were extracted from each serial 10-fold dilution of the 111 14 FMDV strains ranging from 10 -3 to 10 4 TCID 50 /0.1 ml titrated in IBRS-2 cell and subjected to RT-PCR and 112 rRT-PCR ( Table 2) -1 TCID 50 /0.1 ml (written in bold in Table 2 ), indicating that 118 the sensitivities of the RT-PCR assay were increased >10-fold compared with those of virus isolation using 119 IBRS-2 cells. Moreover, compared with the sensitivities of the rRT-PCR assay, those of the RT-PCR assaydiagnosis of FMD in practice is determined using RT-PCR, rRT-PCR, virus isolation, nucleotide sequencing, 140 serological tests, and epidemiological data that includes clinical signs. Clinical signs of BRV are reported to 141 be mild respiratory disease (16, 17). Moreover, rRT-PCR, which was highly sensitive for detecting FMDV 142 gene, did not detect BRAV, therefore, it would not be difficult to differentiate these viruses. 143
Detection of FMDV genes from clinical samples using RT-PCR. 144
To assess the validity of the RT-PCR methods for testing clinical samples, sera and saliva samples from 145 infected and cohabited pigs and cows in previous studies of experimental infections (13, Fukai K., 146 unpublished observations) were analyzed daily using the RT-PCR assays with the two primer sets (Tables 4  147 and 5). The RT-PCR assay using FM8/9 was positive from 1 dpi to 10 dpi and 1 day postcontact (dpc) to 10 148 dpc for inoculated and uninoculated pigs, respectively. In contrast, FMDV genes were detected from 1 dpi to 8 149 dpi and 2 dpc to 9 dpc using 1F/R. For samples from inoculated and uninoculated cows, the RT-PCR assay 150 using FM8/9 detected FMDV genes from 1 dpi to 9 or 10 dpi, and from 2 dpi to 9 or 10 dpc, respectively. The 151 RT-PCR assay using 1F/R detected FMDV genes from 1 dpi to 5 or 10 dpi, from 4 dpi to 10 dpi, or from 2 dpc 152 to 7 dpc, respectively. These findings indicate that the RT-PCR assay using FM8/9 detected FMDV genes for a 153 longer period from all infected pigs and cows than 1F/R. Therefore, the RT-PCR using FM8/9 achieved higher 154 relative sensitivity for clinical samples from infected pigs and cows. 155
The present study describes a method that will likely contribute to efforts to more rapidly and accurately 156 detect FMDV. Although the RT-PCR assay using FM8/9 amplified RNA genes from one BRAV cell culture 157 supernatant, we demonstrated the assay's higher sensitivities for seven serotypes of FMDVs and clinicalsamples from cattle and swine. In contrast, the RT-PCR using 1F/R did not detect SVDV, VSV, BRAV, or 159 BRBV RNAs and was less sensitive for detecting FMDV RNAs. Our results suggest that the PCR assays 160 incorporating primer set FM8/9 achieved higher sensitivity for detecting FMDV genes and are therefore 161 suitable for the diagnosis of FMD. However, accurate diagnosis of FMD requires the use of multiple PCR 162 methods along with other diagnostics. 0   1  2  3  4  5  6  7  8  9  10  11  0  1  2  3  4  5  6  7  8  9  10  1  FM8/9   a   -+  +  +  --------(inoculated)  1F/R  -+  +  ---------FM8/9  -+  +  +  +  +  +  +  +  +  +  -1F/R  -+  +  +  +  +  +  +  +  ---2 FM8/9 - 
